BENZOCYCLOBUTENE BASED POLYMER FORMULATI ONS AND METHODS FOR PROCESSI NG SUCH
FORMULATI ONS | N OXI DATI VE ENVI RONVENTS The present application relates to
benzocyclwbub@nasddased ol i gomer and pol yner fornul ati ongpcangasmsiobags of
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and nore specifically benzocycl obut ene-based oligoners or polynmers (herein
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t he carbon é?eﬂ?%’ckﬁoﬁlﬁf@ed‘%f?ﬁ%tene ring are bonded to adjacent carbon
atons on the sane aromatic ring of Ar 1. Preferably Ar 1 is a single
aromatic ring; Thearylcyclobutene material may comprise a monomer of the formula or, more

30  preferably, partially polymerized product (for example, oligomers or curable polymers)

of monomer precursor(s) comprising monomers the formula;



mis an integer of 1 or nore, preferably 1; nis an integer of 1 or nore,
prefereably 2-4 and nore preferably 2; RL is a nonoval ent group, preferably
hydr ogen,wel2kyd049538up to 6 carbon atons. The synt hesi s apdTpso@snsdses of

t hese aryl cycl obutenes, as well as ternms used to describe them nmay be
found, for exanple, in U S. Patents 4,540,763; 4,724,260; 4,783,514,
4,812,588; 4,826,997, 4,999,499; 5,136,069; 5,185,391; 5,243,068 all of

whi ch are incorporated herein hy reference. According to one preferred
embodi ment, [ he nop€n@Rea) has|the fornula wherein each R3 is

i ndependenglLi,_agy! Iﬁyl group of |1-6 carbon atons, trinmethylsilyl, nethoxy
or chloro; epch g§ irde endently a dival ent, ethylenically unsaturated
organi ¢ group, prefet@R n al kenyl of 1 to 6 carbons, nost preferably

- CH2=CH2-; epch R5\is indepgndently hydrogen, an alkyl group of 1 to 6
carbon atons}| cycloal kyl, aral kyl_or phenyl; preferably R5 is nethyl; each
R6 i s independently hydrogen, alkyl of 1 to 6 carbon atons, chloro or
cyano, preferably hydrogen; n is an integer of 1 or nore; and each q is an
i nt eger ofwngHIB, preferably q is O (in which case the benzene ring has 3

hydrogen atons pended tq it). The nost preferr no. .
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20  The synthesis and properties of these arylcyclobutenes, as well as terms used to
describe them may be found, for example, in U.S. Patents 4.540,763; 4,724,260;
4,783,514; 4,812,588; 4,826,997; 4,999,499; 5,136,069; 5,185,391; and 5,243,068 all of

which are incorporated herein by reference.



of nononmers to forma pendant acid group. Preferably, this alternative
nononmer has the formula: wherein Rland R" and R" and q are as defined
above andwvBhaswh4id3sare preferably hydrogen. When the abege/usessmsssss whi ch
can be prepared by a palladiumcatal yzed reacti on. of bronobenzocycl obut ene
and t-butyl acrylate, is polynmerized, the resulting polyner has both
acrylate ester and acrylic acid functionalities. According to the preferred

enbodi ment sui t 30l &rdiRg tPGHGREREE LbORTRAL, thdBoRSHRer ik @id Rimbkef erably has
acid functionality 1 n equivalent weights of up to about 600 g/nole of acid

functionality, nore prefera sup to—pbout 500 grans/noles of acid
functionality. The equival ent ight {s Preferably at |east_d00 grans/nole
of acid funBtionali nore |preferably at| | east 200.grans/ ndl e of acid
functionality. nat)i .0achgs]| f or:. i ncl udi T unctionality may
al so be used, s re tgug lt_in8 04} 038305 ryllcycl obut ene
materials arg frefe ly B-qtaped (that ijs partia oly pzed). O her
conponent s ﬁ‘ay be d bef sor after Bsstaging. Kt-lggggi ng preferably
occurs in solvent but®my odc neat h is wtho | vent). B-staging

preferably occurs at a tenperature i he range of about 125 to about 250C,
nore preferably about 130 to about 200C. The pol ynerization may occur for a
ti me deter mwhadint o provide a partially polynerized resin that provides the
desired properties wiith regard to subsequent processability. Preferably,
the curabl e prodach RAasindepeagenthyean alldigmonp efileb sardonatomsy irimetgdsidyls (My) as
determ ned by.Gel Perneation Chromatography (GPC) in the range of at |east
about 1000, MHOPEY BF €¥¥Pably at | east about 1500, nmore preferably still at

| east about 2000 anpd,nost, preferably at |east. ahout 50 Lol . maxi num
Mv i s preferabl yeaﬁggﬁ‘s '@66?“15‘@6‘}‘[%?‘&@‘@?%?@V%B}‘@H%B%iﬁ?‘“g‘gﬂ,%“:c‘}b" %; ﬁ%l . For
aqueous dev. M@n?ﬂwﬁﬂmhQb@tcﬁfwnglﬂlmﬁwf@amecm#d:mpreferabl y less

t han about 50, 000, nore preferably |ess than about 35,000, nore preferably
still less than ghpwf iZRHdeAdest )‘@@%enpixﬁilﬁ ladtbip bEB & 6 babomiottis, 10, 000

g/ nol . The Antioxi dant The inve%%rs %}4@ ma%e the surprising discovery
that anti ox¢xtdoalkylvaralkyldrmhenddprsfrsetdy R imeetbghial i ty perform substantially
better in enabling cyre of arylcyclobutene, preferably BCB, materials in

ai r witHout undueach®grisindependently kedyoganoplkyl efdstottremmbaintempehlarn 8tn
antioxidants., Non-Limitin anpl es of suitable hindered phenol

anti - oxi danfysanf”rpch{%a@x%&?g%ﬁl’ ow ng: Ilrganox(tnm) 565 Irganox(tm
1330Tinuvin(tm) 144 2 6-di-tert-butyl-4-nmethyl phenol (BHT) Irganox(tnm) 1076
| rganox(tm 1010" fsraéldﬁgﬁfrt(?sl nﬁr%' rganox(tm 1425 Irganox(tm 259

| rganox(tm 1035 | ox(t 10 L havi 8

| rgastab(tm 200%%%%@%%”&{&%6?35%’52 ﬁ%g'tﬂmr?'uq}l%g) @%&@%%8%%%90 ba
Speci al ty Gigghasd Bydeogd atéyiabeideditsitf.r om Cytec I ndustries, Inc. One may
use conbi nati ons of hindered phenol antioxidants with other hindered phenol

anti oxi gants or Thé Mosipreferred amaemerfara DBHXRdAccto[¢ 2docs- 118, frddanediyhi nes,
phosphites, thiol conpounds. Exanples of such additi ({,nﬁk ﬁg&%oxi dant s
i ncl ude: | rgthemd)-14)3,3 wtrpmgthyidigitoxpne Gefergd tohaseinas BV bl d phenol

anti oxi dant added to the conposition is

The preferred organosiloxane bridged bisbenzocyclobutene monomers can be
prepared by methods disclosed for example in U.S. Patents 4,812,588; 5,136,069;
20 5,138,081 and WO 94/25903.

The arylcyclobutene-based oligomer or polymer comprises acid functionality
which enables the material to be developed in aqueous solutions. The acid
functionality is preferably present at equivalent weights of up to about 600 grams/mole

of acid functionality, more preferably up to about 500 grams/moles of acid



preferably at |east 0.2% based on wei ght of the polyner, nore preferably at
| east 0.5% and nost preferably at |least 1% The total anount of all

ant i oxi danboec4pss8f erably | ess than 10% by wei ght of pelynBreosmBesss
preferably no greater than 6% and nost preferably no greater than about
4% O her ConponentsThe aryl cycl obutene and anti oxi dant formul ati on may
preferably al so include various other conponents. Solvents are useful as a
means to facjli ' ' : j sto form
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hydr ocar boffisncsinndlitg,snomelpuefamblyxat lease2 (ngtamssidly bfaved fuictiGhaditg ohol s;

nmet hyl cycl ohexanone; N-net hyl pyrrolidi none; butyrol actone; dipropyl ene

gl ycol di net hyl Qrichmeethodfomprayiding savbracidafulnytianatity iald mciude mcidHfendmnalChem cal

Conmpany as Proglyde(tm. , _propyl ene gl ycal t hyl ethyl acetate
(POVRR) . oamaits Ay e iR e B TIoBRE et DedryowertinyeS biiel "acet at o
| SOMEr Ss a\éﬁ/w&aﬁ&f)@ HdBa s& SR Slig TP ik a{)lﬁoﬁ@ﬁ% ‘gEﬁ‘erQlfly Bugsliyde(tm
DW and P Is preferred. It may be convenient to select solvenls such
that they &hH Riitens 6136¢,9%2he Snitabieraqid-contaiming momoraeradnatude(the fgrmiuda: par t i al
pol yneri zation) as well as serve as a suitable solvent carrier for the
partially polynerized product for coatipg ¢ oses. The conposition may
al so desirably include phot oactgzye_g,g_ ta I chlenabl es one to form an
image in the filmby imgew se exposu o0 actiyating wavel engt hs of
radiation and | ater devel opment of the |Ifgg@)wi tfh a suitabl e devel oping
solution. According to a first approach, the f)h tosensitive conposition
general ly conprises a photoactive conpound whichis a photoinitiator that
initiates further cure or crosslinking of the curable polynmer. Exanples of
such conpodg¥in ncl ude peroxi des, azo compounds and benzoin derivati ves.
See, for exanple, Photoreactive Polyners; WIley- Interscience Publication;
1989, pp. 102- 137 is y\menoeslens oeganiceraep Mithtaciddunetitingtiiyoprefaratdy elsposed
portions of the.co L C i nsoluble to the devel oper. Exanpl es of
1 CEolrGuiraRasyb 4R QeaaE,

sui tabl'e déeve riisopropyl benzene, decalin, Stoddard

reagent, and DS f . L.cal i i ] Xt uree of
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Di ssol ut i otheRryeditene sin@hrdBvaided pradjayal @bbirenembbh e, sahfeeeatstiowdsg of t he
10t h I nternational Conf,erence on Photopol yners, QOct.-Nov., 1994, pp.
453-461. A orpéi‘?fﬁ@‘b’tyo‘“él%%&‘&&]&a&?@‘ﬁé‘rq‘% approach, the photosensitive
conposition conprises a conpound which serves as a dissolution inhibitor.
When t he phot op@llyﬁ%%nt‘?ﬂ?ﬁﬁggp’imeﬁf’Psef@i‘b]dsléd to activating radiation, the
di ssol ution inhihitor ceases to function. Wen the devel oper solution is
appl i ed5to the Raye menoyalentgrowps giniehly hydipgen, alkshpbup tq @ parbemaiemspor t i ons
that were exposed to activating radiation are renoved. The photosensitive
conposi ti on may PeEgablys such addisiopalanenemer dngsdented fem the follgwing Wodi ssol uti on

i nhi bi tor %mmgsef erably the dissolution inhibitor may itself be

phot oacti ve. -limting exanples of suitable photosensitive,

di ssol ution-inhibiting conpositio
sul fonyl esters of aromatic co su as, for exanple

2, 3,4-tri hydroxybenzophenone (THI , ZU—'C?%{JI hydr oxyphenyl ) et hane
(THPE), or m xtures of THBP and{ Zk r cwnyl pifenol. See Photoreactive

Pol yners; W/ ey-Interscience Publi&atifon; 1989, p. 187. The devel oper
solution is preferably an aqueous base solution. The preferred pHis in the
range of l1zHefeid4. Exanpl es of suitabl e devel opers include NaCH, LiOH KOCH,
RoCH, CsOH, Me4NOH, Et NOH. See, for exanple, Photoreactive Pol yners,

W | ey- hpt er sci emean®RbhieGiaddpeidenti§@lected fdhPhydtbgdn) IkpT Sbapd 6l RAIeOUS

devel opabl e sol utions havi ng di ssol ution-i nhi%i ting conmpounds, the

di ssol ut i onatbahateims, ayl goups wnd' ahdR” tskanpigsthet fremdi epcbin gphuprdguioiBones) are

activated by exposure J,adi gtion to form. carboxylic acid groups which
assist in P%@%é‘%‘?%ﬁ‘fﬁ%ﬁ%rbﬁ” ?f@na%@saé’&“séﬂ?‘m@ ]o% C?rﬁgnf‘ﬁo i n agueous

[S):’)L):’JY;It gP.S iRethyGAYD RIREHKS of BRbrgTRY be used include coating aids, adhesion

conpgunds i ncl ude di azonapht hoqui hone




fillers and the like. Notably, the Inventors have nade the surprising

di scovery that when the antioxidants specified herein are used,

di fficul tweogymryizgusly encountered in regard to conpat ipbirfustonseBesss
anti oxi dant and al kyoxysi | ane or acyl oxysil ane based adhesi on pronoters are
substantially avoi ded. Thus, according to one preferred enbodi nent the
invention is a conposition conprising a curable aryl cycl obut ene-based

pol ymer or oliggner a \ indered phenol anti-oxidant as
set forth above%a{%c ﬁog? %agﬁ%%&ﬁggqné?ﬁ%% is the hydrol yzed or
partially hydrol yzed. reacti r alLkexy or acyl oxy silanes. The

si | anes preferaB?{ﬁ/alh%e&efﬁé&;bo@n%ﬁg&érﬁ%fygi’ @ ORwhere R is alky or

carboxyl, and R _.is al kyl .Qr vinyl. The silane is partially
or conpl etely h{ldi ¥ 4% r%@%%%éﬁ%@%@ﬁf orm a pol ysil oxane. The

pref erabl e nol ecul ar wei ght range of the polysiloxane is from250 to 6, 000
g/nmol. The nore preferable nole ei gt nange of the polysil oxane is
from300 to 3,000 g/nol and the I E)#ml ecul ar wei ght range of

t he polysiloxane is from400 to . |The preferable range of the
pol ysi |l oxane in the sel f-prined &tion i'y 0.1%to 10% based on

DVS- bi sBCB prepol yner. The nore preferable range of the polysiloxane in the
sel f - prgneqvt{?&rhgul ation is 0.2%to 5% based on DVS-bi sBCB prepol yner. The
nost preferable range of the polysiloxane in the self-prinmed fornulation is
0.5%to 4% baseg, VS- bbe . hod of Processing and
Properties Aft e(ri,( %}r?%ga?}l?g %fé@%bgﬁn&gﬁé’aryl cycl obutene materials and
ant i oxi dant (an()j(iglily ?sqp(l)rtll gﬁl&ﬂ optional conponents), the aryl cycl obut enes
are cured in an oxith Zi ng énvironnent. As used herein "oxidizing
environment” ne n j.ronment that has nore oxidizing effect on the
aryl cycl obut ene?at%%%’nargg&g%@i ronnent having 100 ppm oxygen. Preferably, the

oxi di zi ng conpri,ses re t n e than 200
ppm oxygen, nmnor 5‘%?%4’7‘3? @bﬁ @@?%%%hg@%gg%?ﬁi%e%&%ﬁ%% x%gtr??ghgnq nor e
pref-er apl y gy&ilp Aid d peadint Fhdupnality whictoattepstiparhibisy repcts Herimbpylymkezasiondi zi ng
environnent is air. This cure occurs. by heati ng, ref.‘izrabl yP't?g %bl

t enper at ur ©f FIBYMSFS QTR FUBSEEREDE RIOFESSIREP dOhE § Ibq"’gh QF SHBn " B0%e>Yand nost
preferably Qaitaﬁﬁﬁ\{]&ﬁ@n@lﬁ& s hkOBGnuigut preferably |ess than 3000C. Tine

for cure after reaching the desired cure tenperature is about 15 mnutes to
3 hours, depending on tenperatur

Addi gt onal process steps preferably

i ncl ude one or nore of the fol : ating the formnulation from sol vent
to forma thin filmon a substraye dnglis a suitable and
preferred nmethod al though ot heL gati 19 hods y be enployed. Cure woul d
occur after the coating step. Pa errﬁng ©he coated fil ms usi ng standard

| i t hographi c processes with masks. A reactive ion etching environnment is
pref erabl y yisesin RO4AGRMRYA RCCAHd ot s Gefifedabbes artd R' ant @Y as¢ prpfavalily
preferably before. If a photoactive fornulation is used, the coated

f or mul atsi orhydgogenaydwinghe abays seanomst.aicky 6an bryPreadra by 8 :ﬁ’a%fék‘apz&atﬁ‘@rzﬁa

exposed to suitabl.e de I ONS fer |

Formi at 1 ofSii! PRSI Mt FoudNErEE] SEORMBRELIRCKMIERS |
base devel qreyihierafs bbsiaeylat eser anbhwerylietdeatifuntticraliies. nvent i on surpri singly
provides cured filns that show only very small effects on key properties
despite the cureAlténstiviedippioaghesui inclnditigtasid fibetiahakityarnty also bonsdasuchof
these cured filns is less than 3, preferably less than 2.95. Dielectric
constant | sespretaghiin We44A388%0-by t he met hod described in Proceedi ngs,
33rd International Synposium on M croel ectroni %s, Sgpzthgnber 2800, p. 81.
The di eldectric cHBesardisyclabuterspateds ars rrgiepably Beytaeed (fhat SPRBYEN pref erably
shows | ess % ¢ ' i i as
conpared t ogg‘ﬁn%&gg)(ce?%é@@ﬁﬁ%ée?ts%hwﬁ%&g%tb ?ﬂggel gﬂaﬁite?%r %?%?%glﬂisi%ﬁ%gv\s at

| east 2% desrefepsbiy bevutsia sebventbut Tiiay ovetrarcat(tisataf withows spivertit Bestagin®vi de

transm ttance of 400 run radiation, of at
preferably occurs at a temperature in tLe range of about 125 to about 250°C, more

preferably about 130 to about 200°C. The polymerization may occur for a time



| east 90% preferably at |east 95% and transmittance of 375 nmradiation of
at least 85%preferably at |least 90% Transmttance is preferably neasured
wi th a Pewbiee/izser Lanbda 3B UV/ Vi si bl e Spect rophot onmptrerus2ésandasng range
was from 300 nmto 800 nm The transmttance at 400 nm preferably shows
| ess than a 5% decrease in the value as conpared to nitrogen cured sanples.
The transmttance at 375 nm preferably shows | ess than a 10% decrease in

val ue as conpared.to nitrogen.cured sanmpl,es. The transmt{ance at 400 nm
o abl v dPBAREed I s POy R A st A o i8S Dy deae properis no
ant i oxi danty;thegarl ke Ok dleANpR cksatik . PRfefabB), Blccduddbly proau&: HataR 10% hi gher

than for sanpleS cured in air with no antioxidant. Water uptake for these
sanpl es i s appasénsrvesight average modgsulggveighi EMpD es detatmiped by el Rermeations, wei ght

percent based on weigh J ner . t.er i s neasured by,the nethod
fesor bea. irarpaRERRy L) Pkl ik gt 1645, 188 £0d, ofF BRAEERY Rl ucies
wei ghi ng 4 absi@h 50818618 phefeiably dtiloamleashibo 2D @ et bRderablyla kafiQlbyaer on
it; placing the wafers in 85% relative hum dity environnment at room

t enper at ur go%gﬁmdeahP M of arl¢yslabateap elgoraers is preferatdydasg Hapgbewe sanpl es.
The wei ght <dinhhe A ' gt and
density of Sgggpb‘éggﬁ)gefgta‘rébgﬁgsot%%ﬁ?&gP?’ggxg’ Igér%]g to %ﬁﬂiﬁﬁ{;}? % t}é&eﬂr %@ﬁ% wat er
upt ake. \aR65000pdnekrost praferablgrieds|tianedboenbd,0¢bgntol.10% | ower t han for sanpl es
cured in air with no antioxidant. Water uptake is preferably no nore than
about 25% HihglaBselution mhphigker ably no nore than 20% hi gher, than for sanpl es
cured in nitrogen. Addition of certain additives, such as photoactive

agent s,jomay i npahik disgomatiod irhlitsitor preferablgfindlbdesaayompoand bf tieSornhadd: | nst ance,
use of di azonapht hoqui none conpounds as photoactive agents tends to

i ncrease the water uptake and increase dielectric constant. For

formul ati ons conprising DNQ conpounds, the dielectric constant preferably
is no nore (Rian 3.0 and water, up-take is preferably no nore than 2.1.

Exanpl es Exa - = Rign aci d and DVS- bi sBCB copol yner cured in air
A. Synthesis of\ BZB-HOrW i # Jaci d and DVS-bi SBCB copol ymer Procedure of
BCB-acrylic acid synthesis B reported in U S. Patent 6,361, 926.
BCB-acrylic acid (90 g, 0.517 nole), DVS-bisBCB ( 110 g, 0.282 nole, nole
ratio of BCB-acrylic acid and DVS-bi sBCB was 65 to 35) and 300 g of

di (propyl ene glycol) dinethyl ether (Proglyde(tn) DMM were placed in a IL
3-necked fIV¥B®eequi pped with a nechanical stirrer, a condenser connected to

a nitrogen inlet and a thernoneter. The flask was heated with stirring
under rfftrogen dnisian nt-haalgatlinking sioupc Brederablyilgisa engslentdanded, OS( es used

in Exanple | 5 e. SJ i %

sol i ds 'rrpB' OblE)l/l 9@8%&?& o%?%% foeﬁ%%é%%?f |]it(()3 Iﬁg’cdlng HZ(%JS Lf’&?%%ﬁ?%&égrﬁﬁ@ n

sol uti on deasiy. ddstiprefEradlyp Lds hitalk§l grogp of32 o gcabepaioyzer) was m xed with
3.02 g of Proglyde DW and 4.21 g of propylene glycol nethyl ether acetate
(PGVEA) . Pol yneR andepsiidently iR edchwdccifreioe OM or QYi providedPatdgasy ssméRM t o PGVEA
was 65 to 35. Irganox 565 from C ba _ Speci al tér%‘fgﬂ cal s

65 2 Wt %
based on pdrSrREroterably ah leaelpboyt 0% gf By more Rig tdl atde m%g%i{’ﬁﬂﬁ]syri nge
filter.,nFor < ' S | : ' ghi con
waf er, 2gpr é%t %?eégﬁy%gﬁg?téﬁ’g‘?o@g/!ég?ﬁ% gﬁﬂwg%?rggg%%leehé@sa{lp élngg%t I?Ig{r% for 30
seconds. Tigeoupapeeferalaly alsalfenhtaest@EDINQ, 90 seconds. For UV/visible
percentage transm ttance, the same processing procedure was used to
spi n-coat the saoh istindependently4n eaxbhocghaaxewafimegdiof 1do 8] preferatdy 2@n3f ant
measur enent, .the solution was coated at 1150 rpmon top of a high
conducti ngagiil icon wafer. The wafers were then cured in an air-circulating
oven whi ch ranped fromroomtenperature to 2100C at 10C per m nute.

Tenper at ure was nHéII(?rg]t 2100C for 90 mi nutes and then the oven was all owed

to cool to roomtenperatyre. Nitrogen _cure was carried ouf by heating the
oven fr%dm rb et"éﬁpng‘fté’toﬂ? Enitigg sxarpeie of ﬁ‘iWRPé‘P‘CiH egonapaiheBLiaPRs e was

hel d at 25QQ(pd0¢ st o@filnl,lf-ﬁzsr(@wdﬁota%hea ettﬁagﬁgaTEg@ga'rhemlﬂ@mﬁfsé to room

tenperature. Simlar proce es’"were useé olution sanples 1 to 22
wi th t he apgproseniedtae fallovsnt




of antioxidants added. Sanples 1 to 13 and sanples 14 to 22 were produced
and processed on two separate days. As can be seen from | ooking at Control
1 and ConwoQbosclaasise to experinmental error between the lpatrasessiobass esults
in one batch are not reasonably conpared with results in the other batch
Results are illustrated in Table 1. Exanple 2 - Air curable photosensitive
BCB-acrylic acid and DVS-bi sBCB copol yner fornulated with

di azonapht hoqui nonecgg the photoactive conponent and antioxi dant A

Preparati on of rmil atiem Five hundred and eighty six grans of a 40%
sol uti on oDﬂﬁéiE%T' ' - 65 nole % and DVS- bi sBCB (35 nole %
copolynmer with ofl 59019/ nole in Proglyde DMM prepared in a simlar
fashi on as Exanpl was placed in a 2 L anber bottle. PGVEA (457 g) and
Progl yde DWW (22 re added to adjust Progylde DWW to PGVEA ratio to
beconme 45 to 55. Di azonapht hoqui none sul fonate ester (70% esterified)
prepared froma 1 t® 1 m xture of 2,3,4- trihydroxybenzophenone and 1,1, 1
-tris(4-hydroxyphenyl)ethane (5 1.5 g, 18 wt % was added. |rganox 565 (4.8
g, 2 ™ @b“ﬁﬁﬁylrgafos 168 (4.8, 2 wt %9 were al so added. The sol ution was
filtered through a 1 filter. B. UV visible spectra of

aqueous- base- devel opabl gphot of or nul ati on cont ai ni ng hi nder edphenol

ant i oxi dant The above iNgn was spread on a 4 inch glass wafer at 500 rpm
for 10 secqﬂgéHQPI‘ spi nning at 1500 rpm for 30 seconds. The wafer
was t hen baked at 2 mnutes and then fl ood exposed with broadband
exposure at 250 myedf2oas calibrated at 365 nm The wafer was cured at 2
10C for 90 mnutes iph an air- circulating oven. The experinent was repeated
with a cure perfornmgd in a nitrogen oven at 2500C for 1 hour. The W
spectra of sanples chred inair and cured in nitrogen were conpared and the
nitrogen cured sanple was better, but the air cured sanple showed
transnmittance ofpgBRRBRXHER&LYIBAYAMbitAAr I cofmpriBtsed febiid Corfstumtiant and

wat er upt ake of aqueous-base-devel opabl e phot of or mul ati on cont ai ni ng

hi nder edphémmformnlai oxi dant. The sol ution described in Exanple 2A was spread
on a 4 inch high conductivity silicon wafer at 500 rpmfor 10 seconds

fol | oned by \N\Ni ng 1 )n{ pm for 30 seconds. The wafer was then baked
at 95C for i \a then cured in an air- circulating oven at 2100C
for 90 m nu 7 /dhe s experinment was performed with a 4 inch silicon

waf er. Table 2 shows dielectric constant of a BCB-acrylic acid and

DVS- bi sBCB copol yner fornulated with 18 wt % di azonapht hoqui none, 2%

| rganox 565, and 2% Irgafos 168 cured in nitrogen and in air percentage
based on pathesel, R Rasad sarefas defiwedtabole. eApeefemed) bunhérboitingexasmpie afxi dant
is included for conparison. Tabhle 2: Tahl.e 3 sho er absorption of a
BCB- acryl i ¢hiscpmpanl Hadiazon %BHI?P?FR@#’“PE%‘HEH‘\QB?%&? With 18 wt %

di azonaght hagi-HARRnAMen Ao (NI Ot RGRaPBSkeRMsbriteRb Phe ¥An@r €d i n
nitrogen and 1n dr, percentage based on polyner. Results of a control
experinment withog any antioxidant is included for conparison. Table 3:D.
Li t hogr aphy adue base- devel opabl e BCB cont ai ni ng hi ndered phenol
ant i oxi dant p gm Phe Dow Cheni cal Conpany was applied to a 4-inch

silicon wafe éin]f0||OMEd by baking at 150Q0C for 90 seconds. The
sol ution described Pn anpl e 2A was then spread on the wafer at 500 rpm

waf ef was. BAEDE 28RN Aba e Hit BUnbent P ROk B e SRR s 3. o5
mm The waf i gure tool
having a 1 %fr%ﬁgg%&ﬁﬁﬁ\eﬁging}{oﬁgb ﬁnggﬁﬁg%d%t%gl eﬁr%ﬁ%qwl(gg%?uﬁﬁgose was 250
ml/cn2 as det er iygH,RYafy @g%%ﬁ?%&ﬁgwd' BHed fAnetec3fa cbiPourff dbBle €XPOSUr e,

the wafer was placed In a et ranet hyl anmoni um hydr oxi de bath for 63
secondsist o (sber theseeomiatomgronad is used) in the dissolution inhibitor composition preferably

is no more than about 99:1, more preferably no more than about 90:1, more preferably
still no more than about 70:1, more preferably still no more than about 10:1, more

preferably still about 5:1. The mole ratio of the first compound to the second



film Filmthickness after devel opnent was 2. 77 nm (91%fil mretention).
The patterned filmwas cured at 2100C for 90 mnutes in a Blue-Moven in
air. Filnwvbhoedoaess after cure was 2.3 1 mm (76% fil m r ecenisb@spsecsbxanpl e 3
- Air curable DVS-bi sBCB polymer A. WV visible spectra of dry etch

DVS- bi sBCB. A prepol yner was prepared by heating 25 w % of DVS-bi sBCB in
nmesi tyl ene. The prepol yner solution (10 g) was placed in a vial. Mesitylene

(2.5 9) m%gﬁ#@ﬂ%&%rgﬁet%wattl%t %Au‘ljtl!é;) ok pll%%{ﬁbl# %gﬁ?%éb?@iﬁﬁl Mg, 2 W%

based on D ymer wel gh and“1rgao Iy, 2 W%

based on DVS- bi repol r weight). were . added. The sol.ut.j.on S spread
on a gl ass waf erszozcif\E] hggggg‘r'%ﬁ}fr}ﬁ%sresf % Sﬁg@o‘\a‘gf]%g‘{fec&n%‘ "YS&‘IHH#%OQ&EOO rpm
for 30 secawdge offthe invehtdn, dasdifsakidnahhiBiiér dodipoSitios @6@MAGE mAIe ek FSlowl: 2SS

waf er was prepared the sane way except the solution did not contain any

antioxidant. The two wafers were cured in an aircircul ating ogen at 2100C
for 90 mn. UV-vDsible spectra of the t avaf ers wererecorded.|| The waf er

cont ai ni ng \ oXi d hi L@& M)@m i ttancer 3 #Nam wher eas
transm’ttan@?&h fe vvit%,(gﬁt i oki d wasc'ssp'78*%at 0Q_pn B

Li t hography of ph sepgi tive DVS-bi sBCBpQl yner cont ai ni ng_shi nder ed phenol
I

antioxi dant. Formulation: The air-cural phot o DVS- bi sBBBSFS nul ati on was
conposed of b-staged DVS-bi sBCB resin, Cl
2, 6- bi s(4-azi dobenzyl i dene) - 4- et hyl cycl abitxanaone (BAC-E), nesityl ene,

| rganox 565, and Irgafos 168. The material was fornul ated by adding 0.2574
g (2 wt % based Oﬁgncﬂ%?ﬁx- bi sBCB prepol y®&magsi ght) of |rganox $b%olghd 0. 2574 ¢
(2 wt % based ort "DRRCHY sBCB pr epol yrrer“ﬂé‘i'@ﬁ?) of Irgafos 168 added to 26.00
g of 49.5% b-staged DVS-bi sBCB in nesityl ene. Four wei ght percent BACE
based on DVS-bi sBCB prepol yner wei ght (0.5148 g) was then added. The

formul ation was diluted to 35% BCB by f{he addition of nesitylene (5.33 Q).
The formul ati on was then placed on a shaker for 3 hours and at this point a
honbgeneous sol uti on was produced. Thi$ formul ati on was then capable to
give thin filns of thigkness in the range of 33 mnmto 6.0 nm Proper care
must be taken not | gt y4e formul ation i h at///Qom tenperature for
over 24 hours. Th@'r Qt i o hhas *t h@n‘@g‘(ﬁfreezer until tine
of use. ProcessingT The fgrmul ati on was renoved from freezer and | owed to
reach roomtenperature b& orB use. Fil mcoation a 4 inch silicon vwgfer
was perforned using a spin coating process. AR inch silicon §

pl aced on a chuck and held in place by vacuump AP3000 F(?%Pfh em cal
Conmpany was applied on the wafer followed by d’?spensi ng 3 rrLd)_IS__t(?e
formulation in the mddle of the silicon wafer using a syringe wth a | mm
syringe filter. The wafer was then rotated at 500 rpmfor 5 sedbnds to

spread fhe resin across the wafer. The spin speed was increased to 1000 rpm
for 30 secdtiggonpphthegiironsy(DNQ)sulfenaie estprisanasie frompthefreaction of & phendd withn har d

contact. T -Qqne f | | ne tool
was a Karl ugg gm”sﬂ% %Ohgg'e?l,lg\%ot raﬂngggg%g?ﬁﬁég?}%ﬁ %‘ngttgg@go ﬁ%@é‘? engt h.
The test past ér07tiothedDNQpbatark narkenty 518¢.1 &S a odsultiod tHeardichiothbry Wad Bivewas

pl aced in the exposur ool, with. a30 nmm exposure gap. setting_ and exposed to
365 nm wav &R, d’PH’pPB’F‘%afI“HBé@ IS?Ct@BOe%Pﬁ?‘éﬁ&g’%E%WQICB’Eﬁ‘% thg Pessibleispmetsned
filmwag denepwrsi Nng a puddl e devel op nethod. This process used the sane
spin coater that was previously used in coating the wafers with resin. The
waf er was pl acedhermpustefalissahtion enhibitneddéd/tothe cempositivm ispfaferablysat s| owl y

i 11t wd o Ry BTORER Pk Rt AV Bt P
st opped, Wiptdfer@bi3 1 QeaiipecbnBy Wateht bhddtl offetiht 48 RaRAREE clobfteHAB¥RAS €d

areas were conpl et el gﬁhdi ssol ved fromthe wafer. The wafer "was then rotated
at 50 rpm FOMPAREnEe Fhh ROyl prefomably oo greater dhans¥hweightqereent nfidtem W th t he

DS2 10Qsdi f)pe%ﬁﬁly%ooé}gﬁg' than 25 weight percent, and most preferably no greater than 20

weight percent based on weight of the benzocyclobutene-based component.

Other Components



the wafer spin speed was increased to 3000 rpmfor 20 seconds to dry the
film The filmwas then cured for 210C for 90 mnutes in a Blue-Moven in
ai r. Exanpbeodbfissdzgt hogr aphy of photosensitive self-pri ved/dsyinshssBB

pol ymer cont ai ni ng hi nder edphenol anti oxi dant. Fornul ation: The

sel f-primng photo DVS-bi sBCB fornul ati on consi sted of pre-hydrolyzed

vi nyl tri nmet hoxysilane (VIMS) in dilute hydrochloric acid, b-staged

DVS- bi sBCB r esi IThieAryleydldbikeid@ind BAGolktiom imitisor €orenuldtiopanoxprdfebatandlsd r gaf os
168. The pre-hydrol yzed VIM5 was produced as follows. In a 1001 round

bot t om f | adreluds wsioys gthenepmpapepisi was added. The flask was then placed in
a heating mantle on top of a stirring plate. Two thernocoupl es were used to
assi st the cont rSolvests arausedilias armeags Emthcidivaie ppplication ehike ferandation to

6 or an. eqabsisede R BEREE, e 35k S Mailds R BE nb iRkl biofiie 12 04
addi tion ofpNMiVRbonssutBag follidne! i%ﬂenmmm@egdycg Aleobalk;ut i on tenperature
went up to 390C in 15 m nutes. e controller was then started to heat the

sol ution t angbyicycdohesongnesNemethylpyrelidnons; dimethyiesgtamideyt i on, starting to

build the I %51}{&_ i tenperature
was hel d a%&%gf r‘ﬁgﬁ%uﬁgﬁ{g}]gafaﬁ%%ﬁ%%?%%?gd 1om tt)egr%ggélg%?e. Mol ecul ar
wei ght of tiheluging (but doolimited to) BifSopyene givend dimeth g3 thdrtisomer{conBndraally

peri od. The material was fornulated in the follow ng fashion with 0.5869 g
(2 w9 of avedpbiplromsthelpow Gbsmeml Gompagy %Pr&fély}%ﬁ‘g?@m@é{ &lxsl 57 20 g
of 51. 3% b- st age VS- bi i i M i to the
f or mul at% orfn%ggl e%}l‘( 9Etat‘la’zgg§1n%g)ng§ %ngﬁﬁfﬂ E RE@E /i Q@@f"@%‘?%ﬁnlg&g@ 1on

DVS- bi sBCB dghe? Red1¥i88doimerd hailaple fhone The YoedCheBaldBsapaniy dA abiawee vAS t hen
added to this m re of DVS-bi sBCB b-staged resin at a concentration of 1%
based the vigpglyde t AMM gnd BEMEAVE prsferigd: prehydr ol asate and the DVS- bi sBCB
prepol yner (0.33 g). The formulation was then diluted to 40% DVS- bi sBCB

sol i ds by the adtmayba conveniest to etasbsqlyenyosugh thabthrysaaidigelva i f or mul ati on
was renoved F . al . %m I efore use.
Fil mcoati nrag%ogl%ég ﬁ‘qﬁ?‘fm‘?r?'g‘.ggﬁ“ géért]l%vg 8‘&&&2‘?%?? %&% us?r?ggs gﬁlgg}i?n coati ng
processis A ifhibitoR as iwellcnBemahen switeblgdohamt camenafor thecpartaally godyrderizedpl ace by
vacuum Wth the wafer. on the chuck, 3 nL of the fornmulation was di spensed
in the m ddredust ferpplationiferepaliag BEPI&Sng a syringe with a | mm syringe
filter. The wafer was then rotated at 500 rpm fqr 3 seconds L@SPS read the
resin across t heOther exmpopsats dint apyhsdised ckide agtieddants GOtHA A 2dFSOBc onds
foll owed by a hot. Fﬁ'll@%seang 9 75C for 90 seconds, in hard contact. The
Spi n-coate I'mWas ready for patterning. This was done by nmeans of a Karl
Suss Mask Aligne 1.t - y L - : gth. The test
pattern to be ex%ﬂséﬁgo&é@g&%grﬁ %gﬂ‘%@\é/&lfgyogg% g@é_lrrﬁe% Wﬁﬁg\}as pl aced in

t he expmsurAntioaddantd wih hinderethpheng) denctional ity ametnéngthe preferqdonatdriale 365 nm

wavel engt h for. ose_.of 168 el.qpi .0f. th at t d fil mwas
done usi ng %beﬂgﬁff)épf&&\?@fi&ﬁe ﬁﬁ%ﬁ&%ﬁé‘%ﬁoﬁg@ﬂ@aﬁlaﬁan ]S#T\E.ﬁ’é%“' coat er
that was pr@&uiefyitiyl}isBenélNakOBh ibig1 | REmb@lRES 1M sHospIafR (leeish@cmaf er was

pl aced on a chuck and hel d down by vacuum “The wafer was slfowy rotated at

50 rpmfor 5 secqpgsiedalify Hae MRS SAEI Sehiblelatéiids wrhag until it

was conpletely covered. The rotation of the wafer was then stopped, with
DS2100 puddMedafow.t Rartitularty preferead 39 capodoen @f therrshyl getrpolsaropeeris agidr e
conpletely diﬁﬁol V?lg fromthe vyafer. The wafer was then rotated at 50 rpm
for 10 &ecoWHl ZHfReEPEPRLC i spensed on the film Wth the DS2100

di spense st opped,t. er. spin eed s.increased t.0.30 . 20
seconds to dry t%‘@pag}q%emgpm%my%@rpec%F@d.ar%ﬁuelarrlr% 5%?? eegme_ g%gtfeftoff
test (MELT)phRvedar sy of lalnfié oPeiftBconiReadml.f The fkad Ractarienicl ivag
prehydrol yzed VIM5. The Kic value of a sanple w thout prehydrolyzed VINMS

and wi t hout thagomplaaP3000 as adhesi on pronoter was | ess than
(R"0);Si-R’-NH-(C=0)-CR=CR-COOH



0.24 nPaVm The nELT net hod was described in Transaction of the ASME, Vol.
122 (2000), pp. 28-33. 4B. (Conparative) Self-prinmer in DVS-bisBCB pol yner
cont ai ni ngoAg®yd4kz38MA ant i oxi dant Cycl ot ene 3022-57 (24 p¢p3reosfosaass The Dow
Chem cal Conpany, containing Agerite MA which is polynerized

|, 2-di hydro-2, 2,4-trinethylquinoline fromR T. Vanderbilt Co. Inc., was
placed in a vial. Agerite MA in Cyclotene 3022-57 was 3.5 wt % based on
DVS- bi sBCB pr epayhereR is Bdependest yimedchVdddarreReeH r a%a&lo%l%tqaﬁ/@fjalﬁﬂ

DVSbi sBCB pr e?ol ymsr) prepared as descri bed above was added to the vial.
After m xi fprefesat Ea § {-4nagsingitems)i @mi%c@wmdeéandﬁnﬂvmeasétqcem@meahiev@nass
cont ai ner. n b9 L each of
which is i rllédge’éprgarll e Fﬁerﬁébggp% (is‘nbo aatﬁ%'%g andﬁ % x@ﬁ%éﬁgéégiois it was
det er mi ned (pﬂaedrab‘}\gefli&a%naamni)he sel fpri msr pr ehydrol yzed VTI\/S are

i nconpati ble. Cyclotene(tnm) 3022-57 (24.825 g) from The Dow Chem cal
Conpanys ¢ N[ﬁ(tﬁb%xﬁ@l@[)ﬁic?yl‘]ﬁal&hﬁ&adlé aﬁﬁ)Ny[BRtmell@(d(ysﬂyl?propyl] citraconic

|, 2-di hydro-2, 2, 4-trimet quinoline fromR T. Vanderbilt Co. Inc., was

pI aced in &cidial . Agerite MA in Cyclotene 3022-57 was 3.5 wt % based on
DVS- bi sBCB pr epol rrer Pre drol yzed Vinyltriacetoxy silane(VTAS) (0.175 g,
1wt % based 3 F 45i of Rrgetse Vﬁépwnmt@féar ed as described above was added
to the vial. After mxing, a precipitation occurred on the bottom of the

gl ass cont ef’rﬂ@qssmwm only 2 additives that went into the fornulation, each
of which is independently conpatible with the prepolyner and solvent, it
was deternined tlhgicomgesifiors avppepferablysozted pntorg mstratgfrehwmfylzfed VIMB, are

i nconpat,i bl n

compouit of e e agt e iy sdhvo TR E AT B e o bt e,

ant i oxi dantis prefgpednd ofvbakg thlre‘iﬂﬁfe@dlv[éhell(pkeféﬂab@tﬂe@m&hbd ¥t teperatilés 6Ty the
conposition by heati n%ol n an oxidi zing environnent. 2. The nethod of claim

1 wherein URAO abautd )@ ’&aﬁ@rﬁ‘énﬁa‘@,@ntm@uﬁéwrﬂwtEbemp&geé@remaychmt of
nonomners i val ent
organic |i %éhléglﬂ%g%&ﬁﬁ&l@g%gpo %@%@%ﬁ%ﬂg%@\%ﬁg?&gar omatic group
and t he catdmperatutesaredsetthe cycl obutene ring are bonded to adjacent carbon
atons on the sanme aromatic ring of Arl; mis an integer of 1 or nore; nis
an i ntager of 1Tth1econedacorﬁﬁos'lﬁomarmuheuahmtwgeempnseato ddti@atiigt hod of claim 2
wherein the nono rs co rise 1,3-bis

bi cycl of 4. Xayfisagtys pf radm. P?ls‘éﬁs@ ‘iﬂa%ti‘ﬁ‘@n@ffﬁlsﬁomﬁo%l@ﬂil@ﬂ dheexnpsed si | oxane.
4. The net [ ri ses
4 AT T B of 1SRk 1 HUURLES B A WG| SRUEPAR, JIRLBRLLIRRDT
conpri ses auch asastaquemisblasy mvaidnvél“lngmfbrrﬁd pHhginthe roge of 12kal4n 5 wherein

7 The. et R BIc f Sigb e e Bhe e R e B REOR &5 0B mosi 11 on oni o
a substpat @etfahw@h afrﬁ&hd&ﬁﬁhhﬁﬂﬂoﬁfdet(MegNong@N@H enoving the solvent. 8. The

met hod of claim7 where a photoactive agent is used; the conposition is

exposed to acti \patdraev@sihaiﬂtﬁ@ren@daﬁtng&mwﬂn&pfstﬂaﬁp&uadB Bﬁmggad with a
devel oper sol ution he met hod of clains 1-8 where the hindered phenol

ant i oxi dantemperatutes of preféraklmnupiie abpw 3P0EH pséfetablygredtAQbEOUSUDEWEICOPABL E
BENZOCYCLOBUTENE- BASED POLYMER
Example 1

To 13.52 g of 29 % BCB-acrylic acid and DVS-bisBCB copolymer with mole
25  ratio of 67.5 to 32.5 in di(propylene glycol)methyl ether acetate (Dowanol DPMA) was
added 0.748 g of THBP with 45% DNQ sulfonate ester (16 wt % based on weight of
BCB-based components). By 45% DNQ sulfonate ester of THBP means that
approximate 45% of the hydroxyl groups on the THBP have been reacted with DNQ
sulfonyl chloride to form the sulfonate ester. The solution was filtered with a 1 micron

30  syringe filter. AP3000 was applied to a 4 inch silicon wafer followed by baking on a
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COVPOSI TI ON AND METHOD OF USE OF SUCH COMPOSI TI ONS This invention rel ates
aryl cycl obut ene- based pol yner conpositions that are suitable for

devel opmewd 206%/@a3380us sol utions. Benzocycl obut ene- basegcpalsysmsnse4as € known
to be useful as insulating materials in various el ectronics and

m cro-el ectronics applications. In U S. Patent 6,361,926 an aqueous

devel opabl e benzocycl obut ene-based pol yner was taught. This patent further

i ndi cat ed tmplawmcu%c r99akedridon The BOB §ohittorCRal dpplied wsthd walér positive
tone articles. Sulfonyl esters of trihydroxybenzophenone such as _diazo

napht hol s prkl@wed by enseading 08 Imrf@r b%woaés qnﬁltsemmrma A3 H0rpmoter 30

hi bi h d
:apy: cIyE:F(r)Elfte% b g%ﬁ&é?’ye %%gsﬁil?r ecpol?'?@é‘%%ssta% can % have

found that gas50 ﬁi@r&pmaféﬁﬁlﬁﬁeyﬁﬁlsé’dfﬂth@qmpﬁds%'e ufeiaBI with agogb sfsol ution
i nhi bitors charact ﬁ i zed by di azonapht hoqui none noi eti es where there

are at [|Seast00mbc iy ppsedavferwandsvsloped itame. 3%%tmran¢ﬁh§kamorpwanyl
t
Tubebouont AR bk DHAUELE NS Sl el il SRPULRIRn:

however, | swayB.2d méstonifitih &hﬁtl&bb@iﬁngS%)lEﬂmmlﬁickmm bidrense waig2.03ed in a
bl end with djssolution inhibjtors conprising an unsubsti tugqed phenyl group.

Thus, accorBIcHRy: 83 8gnBosingal Henthickness. mpbsiantially the saragprosedurs ¥as conpri si ng
a_cur abl e apHbEYFLROHIFD RiBABOLDN GRfTRLcUsicP Al IR iR U@ of i Eh WA

i nhi bi tor Ich conprises a conpou conprising at |east

di azonapht h&ﬁdﬁlelwlfdm@)estmi Eilingstestomhafidr dei¢lopmers apd laﬁaxncturé mem TH.4%er ent

phenyl grou di ssol i nhi bi tor refera

conpound cd’ﬁ‘a ‘{a/egfe%"tec'i“é" t E‘h@%pﬁﬂ?‘g Gg’ﬁ‘?v“? 13'9%?3?1 I@g{aoup and
at | east ongNp\wubRdtk Eu&ﬁﬁllﬁh&eﬂthoxgdﬂwaeve%}ﬁﬂén\taﬂa afdr oﬁa% weRrtgsdopagd my be
used to facilitate thin filmformation. Appropriate additives such as

anti oxi dant®. %%dremtwﬂg aihdsdenegnstintss thednéraased gtfectivenessin regerd torfilmn at i on.
The Aryl cycl r se a
mononer of t© %,R{"é Fa'or &r?%(?-@ﬁg %‘%ﬁ&%gﬁ e%{%% aesrl‘t%n%%e% t%?:Hér?;??s%gg}% oduct
(for exgrrplsalfoﬁ;heggafers or curabl e pol yrrers) of nononer precursor(s)

conpri sing nmononmers the fornula:wherein Bl is an n-val ent organic |inking
group, prefer ablg'/(écorrprl sing ethylenic unsaturati on, or Blmay be absent.

Suitabl e single bility Fest. mjygrrmfeﬂél?lémn}l 0%y DNQaulfapate aster WaRgHGRD Z,

1'to s, mostiint0gef EENEA" B SR i FEarE o Gl W YRk GP Blipalenits 2 707 ©

sel ected fromtond m%m aF *fYI'PEQMPH l@%qﬁNé shﬁ"oﬁht@ 8dtB0RasYh X8 willl §/ | 0§ OUPpS,
-CO2R7 wherein R7 is an al kyl group, preferably of up to 6 carbon atons,

an aryl20gr dif{iMEdn mawmregrcbnm presfuce p hanegengougsalution eusstwigy wampiaply 7 | s

aryl gr oup, aRe 815 K5 ogPos TR R gt sdivb e i 6T RE Ry

groups i nclwﬁmo%@&ﬂa@i@&%&h@xﬁm c»d@egrsmrbfaa tarlcinﬁanabﬂﬂsm{dl ned

previously, o is is an al group of to 6 carbon atons, an

aromati c grBAPE W)?h 69"/5 i)l1 ?ﬁ%m@ rsblf@natmqr Vpﬁsépmly dissplyedinghgof is a

The-oar bon o g o iy RRR/Ras B LB o AR BB TN L0,

atonms of3 tiwlfaﬁaeeaé@rmﬁmmlxmﬂgooﬁmrﬁlandmgr ably Ar 1 is a single
aromatic ring; mis an integer of 1 or nore, preferably 1; n is an integer
of 1 or nore, preferably 2-4 and nore preferably 2; Rl is a nonoval ent
group, preferably hydr ogen, al kyl of up to 6 carbon atons. The synthesis
and propertE@@mﬂ? these aryl cycl obutenes, as mell as terns used to describe
them may be found, for exanple, in U S. Patents 540, 763; 4,724, 260;
4,783,514; 4, 812A15glsylcysrlo@mngbased@lggmewgs p@pqrsébmégatmz 3985 39 BCBnd
5,243, 068 A h g to
51243, 098 2l ol Ry PO OSOLAC BT RSSELr il BARREASOgiA o

i ndepermbentimzegnnel Wl regehed p Indfial IB OB @aryibioaciitto MV S-bisBOB inylesiatiy was 65

to 35. BCB content was 40%. The prepolymer (8.485 g) was placed in an amber vial.
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met hoxy or chloro; each R4 is independently a divalent, ethylenically
unsaturated organic group, preferably an al kenyl of 1 to 6 carbons, nost

pr ef er ablywo-20#d2R4338- ; each R5 is independently hydrogenpcansaddsywbesgs oup of
1 to 6 carbon atons, cycloal kyl, aral kyl or phenyl; preferably R5 is

met hyl ; each R6 is independently hydrogen, alkyl of 1 to 6 carbon atons,
chloro or cyano, preferably hydrogen; n is an integer of 1 or nore; and

h th
benzene i BN R0 887, B whod Shedt o BEEERBR | tobhytd Rl £10 SR L 0°
NoONOMer s amaxh;rékebTHPE-ahddﬁBlb@ﬁhZO% apivaldnt 3f Sulfaniybchl@rdd waxt dukdagtkg - 1,1, 3, 3
t et ranmet hyl dj si refe d tq. herein as - Qi sBCB). The preferred
or ganosi | g)@a?éeg B&(@B&d’s féfbé 8‘1%&%?‘&‘@&‘1‘?6}%5&‘0@5?&’88 aE‘P &Sy
met hods di g6j %ﬁdTﬁé’Eolﬁﬁé’r{‘%@add&d% fhe aﬁﬁaeﬁom cohtBhh S%pregol;ﬁﬁr Oﬁﬂe
5,138, 081 anal WO 94/ 25903. The aryl cycl obut ene- baseg ol 1 goner or

conpri sés aolutiof was ffi ltoredlthltoygh\,hllomcmmaﬁyhege fier. MR )00 avastapplirs to lng ed in

o vai ent SigmGrdpeged by Lot oBp oL kinal AN BF S0eta i CR BAB i ty.
nore preferg afﬁlt%ﬂt B%I%QH%%\ngegf(ﬂlWemly% redflin g%i %Ojﬂfﬁ f&ﬁ@'shédﬁds ihe

equi val ent wel referably at |east “100 grans/ nol'e of acid
functi onal Is‘pm-cdﬂiﬁhg apl G80apmdfoy 3@teconds t THROGafyr wasbaket at 9F°Cafor @ mmutes

functionalit One net hod for prow ding such acid functiona
i ncl ude acik dPI/lT trderestrfler RRIFFOYRY SO20 BHFEOM The Wﬁé I Bag FERgSe Wﬁ%rﬁ‘cﬂ% “Ss

preferahly, A Za orm
o1 gorars. TRPLRE P ulfialdolt oERIOIRFh T The Rbed BT WaE HRIhst I 2626,

Sui t abl e a@i.38% terteaietiylgnmonionehgiroxidé batb Dezelopmant teme whe74beoBds.i s a

Contal ni ng F"{nﬁ&”' et A Yol Va3 3P et iRago i AP oo

het er oar o p and the carbon atons of the cycl obutene ring are
bonded to carbon atonms on the same aromatic ring of Ar2,

preferably Ar2 ti i S an | f lor Smore,
preferably 1; Rzealn%}’l%lﬁngﬂBVE @u %ﬂl%f’@eém‘@ dﬂ%é%%g/n?ﬂl of up to
6 car bop atﬁéﬁred:‘&xeaf Shak ﬁésh1§ﬁ'§§‘dé%€'n‘i'lbéd i B PR D RItidl BCBh@gtieacii k@m t he
following two fornul as: wherein and R' are i ndeBendentIy selected from

hydr ogen, dP¥§bigiER pwlofatio was 68 t@ éﬁbBﬁJBaQQm@lt was ¢ v oindsoglyde R‘MMnd R'

taken together fro yllc a t d

i ndependent péﬁplg}q‘}gyr(al P?allée%?%%nr &loﬁerg@l%nsﬁ)p }c?enlg@ﬂ f@?\sg rret hoxy
]9r chl oro; ZPGISIE@? @aslb rvvéreac@rdhomedm@aaascmmw%o g;lt%uﬁ’hex;vtlrstflcaaf |b Int eger
romO to 3, prefera 1 Is.apn integer_o refera 0; or
wher ei n R Brpglyde DMM tRPGMﬁé 13%@11&@%@1}3@6 écbégeﬁN)Q? ofate)‘r’StF% Oor 1,
and 72 | S 3038 glg g;a&umo;&wl% Nahbi¥ %lxtu@e SPTARP and MEIFACHAR 5@%%%&4&@

pr esence of i but arene group and a pendant functionalit

| east part |ctﬂDNQrsalefcm)d ctﬂmdn@Mp@ﬂ);(tint isXef equivaéntsrohlDNE)Y sulfonyl thcmdsswuent
processi ng

Tononer hagEhBHRFaL ey B bl dbierioRfy i helfraph ol SR ARHAHE

above and ReANAdEd, v@trp%rd%h& 8 bAI-50 Byids 08 A wiLWat PRocaRey b JGNRIAET vvhl ch
can be prepared by a pal | adi um cat al Yzed reaction of bronobenzocycl obut ene

and t - but y|fashien hsdascribes ip Eixpmple 2 ilm rejentiancafier deiglopment with TMAH was
25  91.9%. Film quality was good.

This experiment was repeated with various photoactive agents as shown in the
table below. Samples 1,3, 5, 7, and 9 were run on the same day. Samples 2,4, 6, 8, and
10 were run on the same day but on a different day from the first set of samples.

Samples 11, 12, and 13 were run on separate days.

30
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pol ymer has both acrylate ester and acrylic acid functionalities.

Al ternative approaches for including acid functionality nmay al so be used,
such as awe 20@ughizsi n WO 04/ 038505. The aryl cycl obut ene poatigradloss4as €
preferably B-staged (that is partially polynerized). OQher conmponents may
be added before or after B-staging. B-staging preferably occurs in sol vent
but may occur neat (that i's vm'thout solvent). B-staging preferably occurs

at a tenperajureﬁg aéta.. gen‘t" abott—125-to—apout—2560€—npre—preferably
E&

about 130 td about yrrerl zation may| occur for a {inedeterm ned
to provide g dqiaplkal edfilmaeiprtion RBier pr ovigglegudiye desfiimeetention after
properties regarygh ,dr@O ueﬁ?vmhs‘abl ity. Preferably, €#ie %
curabl e product hasg alaorapcp,ament wei ght average phol ecul ar wei ght (My) as

determ ned Qy Gel Perngapbegg Chijonmat ogrggphy (GPC) 1 nghhe range of gdsl east
TOT QB €1 er

about 1000, [morg pieferppEyoatl I1jeast appyt I1500f DIy Sg{yT at

| east about [200Pamd rrqﬁpE@beT erapty dlpp €ast apout ﬁg,w of A L The,gMvof

aryl cycl obutfere; ot JOTTHHpEy PT ferabtggpess—t lldll abgy Jﬁcﬁ LT )

pref erabl y |fEess—than—about—s5046;—ore—prefera Y flakes A ess—tham—about

20, 000, and |nmpsd pd ef erTalBP390I esg than aﬁnaut 10, OOO ﬁf%menﬁhe di ss&.9iti on

1 1 1 a—di oot H ol bl o~ By okl

PRI TIERIN) N i )2 A NP T 2 AD nofides S cotpound i—the
Ornu a. Qr lw MII M‘-sp*vul A0 A% LI LN AN _Iﬂ UI UUP llblb.al U[y LI U, SIVMI ARl |

bond, S, O [G=0+ter—a Hydrocatbyl g+ of—1 }o 129% of or :

N

- r$|°(‘}‘e hazy, ¢
of 2 to 4 cdrhch af onE. M70 o inrpnpndpﬁ11v Ln _ehch n@PQijrrpnmn H nr80(')Y
provi ded at |Led8 $ome ®70nre dreferal®§ at |ehst aleed 40%af R 7Hbre
preferably stilll af | ed&BP®0% of] R, and@5-Bost prpferaldpsd at | dast abfo®it 600
of R are OY,| wheére|OY iTHBPgAt es |a pendafft DNQ gf oup. gpecef er alpl v a Zulléf onat
ester of D, nBi s|i ndgpBR®ent| | i n eaBh3occurrence gnod nt eqer of 7b.230 3,
preferably 2Iegeri: and nis 1 or 2. A preferred, but non-limting exanple
of this conpound Mssoadedbedzr@pht hoqui none sul fonate ester of

1,1, 1-tris(4-hydr ¥#phémyl e hiams of TEEEnd THRS AmpromiraglyTak obibe ndprdgengsed as
f ol | ows: wher willhayefreagtedyvith DNQyaulferiykedisridg. i on i nhi b| tor furt her corrprl ses a
second cohpound oTHﬁfh'éo Wﬁl‘}’l‘ﬂéﬁ“\}&:{ g% f eh °" deapfedy yHenyhdipridove.

A preferred, but / S“1f°“y1 ch'oride.
di azonapht hogqui no Is %%E iof LIY [ f(@? ﬁj’r}.%
(THBR) Thi's may Baos Aoy i e i B g

above. Thy s conpofgss o®@irI&E ato d:%?ihé f‘ %)rb ﬁéd{vﬁhl’é sm@iaﬂ&ﬁd
sol vents and good conpatibility vvlth t he aryl cycl obut ene polyrrer The nol e

ratio of the first conpound above to the second conpound above (when the
second conpoppghhig qused) in the dissolution inhibitor conposition
preferably is no nore than about 99:1, nore preferably no nore than about

90:1, nore pref erﬁﬁ'agyl%dléﬂuté?ﬁ H‘ﬁ@é@oﬁégﬁ& e :ﬁele%d]byHEQﬁﬁ‘g ped gopBiop.sti ||

no nore than about X nore prefera about le rati o of
the first coapplimatid and 43 ég@éﬁﬂf&ahquGBdnd&@g@ffé’r@yqe atDMMasmtllaleofl 5,

Choul 8 néx be Rk BRS R il BEBoim AR TV RBER BRIS 6f Hand® "

di ssol uti on oWy, tB(L‘Brcoﬁt@ﬂmﬁ 40°9N5TRILGF s §FGGorBwad Qbﬂgﬁ&hﬁlnt&aﬂﬁarﬁﬂéres 0.5
moles 2.1 noles (1.5

Di azon ht hoqui non

sul fonat e esg]éﬁs jPE Rl’t?ﬂ@l MW@WEW ﬁ,5otﬂaém Blianingi-246- lD"ﬂ&)lsul f onyl
chl ot ™08y ghok s BURDBI 308 o R oSy et o 1
st oi chi onet r phenok; 2RbILR( lrmdynemytmyl)d @hésrphlte ) (mg ia9ailabbsgycdegaidd y68vhen we
consi der 2t hefrgglséllbzti) lSSeélgl?ynarnemlcgﬁs) and additional ProglydeTM DMM (22.8 g) was added,

and the contents were mixed. DNQ sulfonate ester (52.5 g) prepared froma 1 to 1

mole mixture of THBP and THPE with 70% equivalent of DNQ sulfonyl chloride (M-

70) (that is 0.7 equivalents of DNQ sulfonyl chloride was used for every 1 equivalent of

hydroxyl functionality in the THBP and THPE mixture) was dissolved in PGMEA

D
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The amount of dissolution inhibitor added to the conmposition is preferably
at least 5 percent by weight, nore preferably at | east 10 percent by

wei ght, awd 2o0mstapsef erably at | east 15 percent by wei gittThas@dosssyei ght
of the benzocycl obut ene-based conponent. The anmount is preferably no
greater than 30 wei ght percent, nore preferably no greater than 25 wei ght
percent, and nost preferably no greater than 20 wei ght percent based on
wei ght of t (us6liegr anydk eblutien e-ab asmbined whnbaprevidub eslufionmmangided TAe15%
aryl cycl obut ene and di ssolution inhibitor fornulation may preferably al so

i ncl ude var PAIU4ORePropERRie ALY athylsstepsApRIYIEE Vbl cihy eyl 2rraRenopts
facilitate I i K i : f 2hin filns.
Sui t abl e so?i\[/?g%nk’gaq’%irllc %g%@@ggégg‘%%%ﬂf%@r%?gﬁﬂ%@%%%%ér@a,ﬁg%gar bons
such as t ol 0e08) wayinirel mithedsintutateme ; The fordndbtimhwhsstordtimy kefiigératogx anone;

N-net hyl pyrrolidi ngne; dinethyl aget anide, ethoxyet hyl propj.onate, I

| act at e, § buﬁ@?@ %&J&E{fe PaFREs 4119 Qggéé‘l}érg& tgﬁ%@"%@%ﬁ‘?‘*\ﬁoﬁﬁgt‘“ﬁ%@%
limted to) ,di I : : i fyad r NG|

avai | abl o 1 P AR o o o B b g P O e

gl ycol rmet hyécoaldhyThesBREB dbmnliasviEds apatied tothe malfdrtfolloiidMBy §pteddgaiyd0éne
glycol) nethyl ether acetate .isoners i |l abl e om The w Chem ca

Conpany) . Arpm)fqrdp)esegqnqs,agep%é‘@pmg @%ﬁgﬁﬁn chgn‘%r é‘f‘ggr‘Y g_warsﬁ)akﬁc;, be
conveni ent : t [ eT rs
prior to B- éf%%i@nigp%tnﬁg{l%?? paﬁwg?ésgg??ﬁbg%%%??éﬁ)ﬁggggt gielggriasso g? ion

i nhi bitaos asposed withs K@t Sess@xpaosuseiiobhwritk aslobef 2500al/cimér Thoexpobal wafiet i al | y
pol ymeri zed product faqrmulation for coatin urposes., O her .conponents that
may be used"aRdpYriRped it aaﬁ%ﬁarﬂt@m &mwﬁwﬁyﬁ%ﬁ%@t nDOFYOPARIPERAIMS i | | er s
and the |ikeg.,s88%nhd. OrilH kI Ehir A EIBpREMAREYLCT PRISH, fm BRhfign MY be
used. Antioxidants wth hindered phenol functionality are anong the
preferred mbtiagionl7¢. Fantthickheas hfferpued @1 0¥T /Hrmin) was 2.31 micron, 75.5% from
4-[[4,6-bis(aoctylthio)-1,3,5-triazin-2-yl]amno]-2,6-bis(l,Id nethylethyl)-
phenol , andiBtialfmsthicknesg; ;g? H%W&Flli‘?@?‘-’ SUgHeRDNi te (3:1) phenol. Suitable
coating aids include commercially avail able materials such as Mdafl ow.
Parti cullarl ﬁxﬁlinéieérred are copol yners of the ethyl ester of 2-propenoic

acid with 2-ethyl hexyl 2-propenoate.. Sujtable_ adhesion pro y al so
be used. Particull8d %}l)oﬁ?%?@rb?’é@f &’GHBEF%I%%%?@FQC)&? u%nle éﬁg‘f’aﬁr‘}gl eani c

or citraconi i 3 ] i \VA-¥ Hlvee

(R'O3Si -R lp ﬁi@%@%ﬁg mg%%%@%%e%ggeaﬁﬁ {/}ﬁi I?lvgggcizgﬁ%cur rence
H or a nonoceapapmert witke modd tayib of p6 ¢d 35,5091 iyt wit? of di(prapplenc glyoolp), and R is
i ndependently in .each_occurr jval e | owe, | k referably of 1-6
I(:ar bgn at orréigll?étgﬂat '(Pirggclg{d‘?ﬁmélaoeﬁ W@ﬂghgg?mﬁ? f)’?‘ﬁ)éé E‘G?V%I&fgai‘ﬁ car bon
at oms) . t i M ' - . -1-

N[ 3-% t rzil}l-eE ﬁgﬁygﬁ;l ) pr ogil/ll)ﬂ]&lg F]tgqugg %ﬂr?éc@gg%tgr %@e§3§554e%yd5?xyﬁlee?yé)r % ed
adhesi on pr ethyl-d+isopréirydoengeiea(d2 PRe. cippperdinatebntvathérdp o€ therhydfoxybgraupsd ont o
a substrate fromqne of the solvents nti oned above.. Any sol vent cpatin
Tet hod may 58 UG- TS PERRDT Ry B GTOBT T SRR heaF PRt Brov
sol vent is I@r@é%ﬁﬁ&m{ cmt%ﬁaew%ﬁn%e ag}fgaﬁre%w'),eﬁroﬁ;leﬁaon%l;@ogemh_ Etrlllép&_glgét% or

times of about ‘ten mnutes or |ess. e tenpérature _ igher if
shorter ti mPGMEA)E] 80 ) Breglydere’ PAIM HEB.6D )y 8F[3-(iriethoxysily)prepylloveleamic

t t . h i ti t.h i Wi d
Lo hot TVl | AGRRVRE i of & SR L RER S e oMt s AR DM EA DO o

i nhi bitor. ZheMudanseqoRs st 2oRSs ModallewiR@GMEA) Iwarsaydddie thdjer 'eseoved with
an appropriate devel oper sol ution such as an aqueous base sol ution. The

preferred phi¢thoxysilylmsopy mepdeagtic apidican bgmade by drop-wise adding maleic anhydride
dissolved in PGMEA to a flask of 3-aminopropyltriethoxysilane with stirring.

Exothermic heat may be removed by ice-water bath and maintain the reaction

30 temperature below 40 °C by controlling rate of addition of the maleic anhydride.) The
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Exanpl es of suitable devel opers include NaOH, LiOH KOH RbOH, CsCH,
tetranet hyl ammoni um hydroxi de (Me4NOH), Et NOH. After devel opnent, the
remai ni nogwouwAay3dskon i s hard cured by baking at tenper@tungsosiozqsef erably
up to about 3000C, preferably greater than about 2000C. Exanple 1 To 13.52
g of 29 % BCB-acrylic acid and DVS-bi sBCB copolyner with nole ratio of 67.5
to 32.5 in di(propyl ene glycol)nethyl ether acetate (Dowanol DPMA) was
added 0. 74 . 0 n wei ght
of BOB- basal araRanC e A oS R TR Rl s gl AR

appr oxi mat €).45pmdiltérhe hydr oxyl groups on the THBP have been reacted with
DNQ sul fonyl chloride to formthe sulfonate ester. The sol ution was
filtered with a 1 micron syringe filter. AP3000 was applied to a 4 inch
silicon wafer followed by baki ngpon ahot plate at 1500C for 90 seconds. The
BCB solution was applied to the Jwafer foll owed by spreading at 500 rpm for
10 seconds and spin-coating at NP0 rpm for 30 seconds. The wafer was baked
at 95C for 5 mnutes. Filmthickpess after bake was 4.550 micron. The wafer
was exposed with a/F #S\exgosure tool with a dose of 300 mJ/cnR. The
exposed wafer W&s % 1 2. 38% t et ranet hyl ammoni um hydr oxi de bat h.
Devel opnment tinme was 45 'second il mthickness after devel opnent was 3. 22
mcron, filmretention being 7 o Filmthickness after cure was 2.72
mcron, 59.8%frominitgal filmMmythi ckness. Substantially the same procedure
was foll oned but THPE i hN4O%  sul fonate ester was used in stead of the
THBP with 4 %IJ_ENQ € ester. Filmretention after devel opnent and
after cure Were” bapd 72.4% respectively. The sane experinent was
performed with THPE[w th 60% DNQ sul fonate ester, filmretention after
devel opnent and a®F8FOcure were 85.6% and 72.3% respectively. This
denonstrates the increased effectiveness in regard to filmretention of the
THPE based DNQ sul fonate esters as conpared to THBP based DNQ sul fonate
esters. Solubility Test. One gram of THPE with 60% DNQ sul fonate ester was
m xed with D.NJQ;iutﬁ)nﬂ@wEAof d%oeahtris(%hydmaybheoyl\)odmﬂlyleﬁ BOPOpylbenmine a

h | h 60% | f.onat t
T xed with 5 g ofbeaelsRn WeaPRISH Bt GehSHisen B DE@@%%‘%%&E%&%Q@%. on
even W th wWamoRd0 fs&oabpm s@ﬂﬂ&aﬁglav mm fp¥n Rk 30 5E¥enuk. t”phJ@%e% Wak 951&&16

ester is lower than that of THPE wth 60% sul fonate ester in
gram of a 1at®86°Q fori2minuéespdndithiBPcurnd inTasREr vmuhatﬁd)%&mratm%m%umhomat e

ester was npl etely dissolved in.5 h| s denonstrates that
THPE sultr ontieseRs eapertas g Feaselgion h AP roREoE et Gnat o ot er o f rom
m xtures of THPETNGafdfdRRre Eﬂ?é’ﬁiécﬁto&hé\ﬂmafﬁéd(‘eﬂgé pRusfeRSt @@-ELCI" ol i gomer was

prepared by heating 398.6 BCBacrylic acid and 481. 4 of "DVS- bi sBCB in
1320 g of HlouisgationpRfdhgrt Ealibau28f3352®2))gNmelmgatr@a‘eﬂw waspbsgragd

BCB- | DVS- B BCB
200 T brostie siurrtes, Ris ale Trd 0 5 R kPR B Shichi Rty raf SRR ROTBEAS S 15
Wt 9% based ofuifRR iR GLYRIA CHOSPRIGkARRITeA it BorkubRl BefthX il Rcps THPE

and THBP with 70% equi val ent of sul fon chl ori de was added to 6.25 g of
PGVEA. Thhe IONG in@astéany prgbsicotaokdr atrl 2ip ﬂ@tlpawmnasph@mgmws asol uti on.

coi ut i on weldOPF e Rt g DR Eh Nt B &7D3 8 B b BB bsomapp i e

to a 4 i nchilsddni @aRiliveh aitrifi@! | ovved by baki ng on a hot pl ate at 1500C for 90
seconds. The BCB sol ution was lied to the wafer fol |l owed by spreadl ng at

500 rpm for 10 sB@cﬁwgloarveaswplrm o4 wgh slicompefer fiollavsmd t3ospseadiigds 50
waf er was bakeg 3h 93%d M4 %’ d{"c&}‘é.rﬁ%ﬁ%t k%‘i u}%' 3HNERRaST ’fﬁe{) ‘gﬁf%k%ta%@&e 626

m cron. The Mﬁ er was exp SS exposure ose of

200 mi/ gnP.at BBEC ﬁ)fm&ﬁﬂlté&ﬁmfn thekneR\efle OPAE 3. 1620urd. FBYoatafdrvaasRKkPyde@mmoONi um
hydroxi de bath. Devel opment tine was 74 seconds. ,Filmthickness after

devel opnentwillag Karligs expaseis, togliwith & deseraf 260 nHimTg T® esposedaraphas 3
developed in a 2.38% tetramethylammonium hydroxide (TMAH) bath. Development

time was 70 seconds. Film thickness after development was 2.803 um, film retention
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Sampl e 1: An aryl cycl obut ene-based oligoner with Mv of 6123 g/ nol was
prepared in a simlar fashion as described in Exanple 2. Initial

BCB- acr ylwo 2a65/0d433@ DVS- bi sBCB nole rati o was 65 to 35. pBECRsemsiossss was 40
wt% in Proglyde DMM The preploymer (4.10 g) was placed in an anber vial.
Progyl de DW (0.50 g) and PGVEA (3.61 g) were added to reduce BCB content
to 20 % The wt ratio of Proglyde DM to PGVEA in the sol ution becane 45

to 55. DNQ S t . : mixt ure of
THBP and THE%L%\??'?A’ZO%%e‘ﬁ%fF\(/‘gf‘%ﬁ?Q% DNQ@%E(%%%%@W@#%??&? O??/Pg%@%%'hat IS
0. 6 equi val Bilinghiokndobaftaridutcowyd 2.601uat (8380 fils ratagdn).or every 1 equi val ent of
hydr oxyl functionality in the THBP and THPE m xture) was added, w

per centage of M 60 being 18. A wafer was processed in a simlar fashion as
descri bed igxgﬁa@ggl e 2. Filmretention after devel opnment with TMAH was
91.9% Filmquality was good. This experinment was repeated wth various
phot oacti ve agenTs ad@90 ailoambenjat Wwas platdde/Sixf ofiberBacylamiteneIBCR)-basedand 9

th day. Sampl 4, 8, d 10 )
S e
and 13 wer eodgélirfit RPRRROIBYES e 8Y:14MiB0ar dighbsathAllgun M 70 a 1 to 1

nol e m xture of” THBP and THI%\I;. Appr oxi mat e 70% of "t he hydroxyl groups
wi || have rdiatindethert(Rragiydes(IDMM)| 0.8BmaYd afdrgatnieiB65,aind Or2evilh ofilrgafosit 70%

f the hydroxyl d i | fonyl chloride.. THPE: 8Q: THPE
it about So% BEEHBERgaR GRS VOl B e e 1RK R EBBI N bt | o
THBP- 603 TF@ByM-ﬁs*apge_%g}Hen@é?f’e’%(%7 fgh Qxﬂi)\f&[iﬁfﬂé'l%ﬁid)ﬂﬁﬂﬁs bEAE h9arodyt ftolhon

sul fonyl chl ori de. P-70: THBP W t'h about 70% of the hydroxyl groups
react ed wi t b-DONQrs@-hpdrpkyptichpl)ileshylA-BEp®PylbThidRe Wavdbezb oerctegifito DN e
hydr oxyl groyps cted with ul f on chloride. THBP-90: THBP with
about 5096 ofulienal SR GEIoGR BiETIPR A DS FERGT OB RIde.

Exanpl e 4 A{Pm!/xgxpé.e@gj aRE MRRABWID 19 RTBO%VASATORPR FRGMEN ) NG dlei Aa8eB98. 6 g
of BCBacrylic acid and 81.4 g of DVS-bisBCB in 1320 g of Proglyde(tm DWM
until a Mwv tefthgpars The jaswagsbakeade farth 2 horhogeneowailuiony [The salution wes

DVS- bi sBCB gRI e rat‘iﬁgqq Wfs 6 ltto 35. BCB content was 40% 579.9 g of this
sol uti off wa 958?1&”8 ht "l dnber gl ass jar. Phenol, _

4-[[4, 6- bi s(oct yrhdidhitidn waapplibd@d £4 Znchl shisdBnRferXofloRb$ by spréadils 3ot hyl ) -
(4.88 g, available as Irganox 565 from C ba Specialty Chem cals), phenol,

2, 4- bi s(|, | mram fastli9yseeandy pnd spipisoatpng atd 76@rpm f@rf OgwcendsaThe waliravasdakedyaf os
168 fromGC b cialty Chem cal.5), a ditio Pro de(t DW (22.8
0y vars atidett 05 56 Soinbusy EeS Bicknes e Bl e 67 R A S sy 5 o)
prepared frgffoRedwith a KaP$ s Bkpdsufero8f withiBdosf 300 /Mht. MTHOSepBskdi ated ent  of

DNQ sul fonyl chloride (M 70) (that is 0.7 equivalents of DNQ sulfonyl
chl ori d& wa%asdeldpsd iny 8397 tetrampethylaanrompmihydroxide (TMtyEd bathal ity in the

THBP and THRE mi xture) was (dissaol ved in 466. an h | ution
ans combi nebetpa e 8y SR Gendy P Giek R A0 dextlopnRBlrhy 7 357 b

2- pr openoi Cfiff kdentRinbéingSh 6%, ThERAFERRLs citddin 4n Blrkylctigten|ovén B PIoe0 T8t €
(1.55 g, available as Mddafl ow from Surface Specialties UCB, Snyrna,

Geor gi a 30080jnimass. ilne thickiess dftee cherwasl 20320pm (Th8% fanmrekeationph was st or ed
in arefrigerator, filtered wwth three passes through a 0.45 mcron filter
menbrane, and bottl ed. AP3000 was applied to a 4 inch silicon wafer

foll owed by baking on a hot plate at 1500C for 90 seconds. The BCB

formul ati on was applied to the wafer foll owed by spreading at 500 rpm for
10 seconds and spin-coating at 1000 rpmfor 30 seconds. The wafer was baked
at 85C for 2 mnutes. Filmthickness after bake was 3.05 m crons. The wafer
was exposed with a Karl Suss exposure tool with a dose of 250 ml/cnR. The
exposed wafer was devel oped in a 2.38%tetramethyl ammoni um hydr oxi de bat h.
Devel opnent tine was 63 seconds. Filmthickness after devel opnent was 2.77
mcron, filmretention being 90.7% Filmthickness after cure (2100C /90
mn) was 2.31 micron, 75.5%frominitial filmthickness. The sanple had no
striations. Exanple 5
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To a 500 nL anber jar was placed 150 g of benzocycl obut ene (BCB)-based
prepol ynmer whi ch consisted of 39.22 wt % of BCB-acrylic acid and DVS- bi sBCB
copol ynerwoizvods/oawize ratio of 65 to 35, 59.14 w % of di (pcopshesms@kycol)

di et hyl et her (Proglyde DW), 0.82 w % of I|rganox 565, and 0.82 w % of

I rgaf os 168. Di azonapht hoqui none (DNQ sul fonyl ester of

a-a-a' -tris(4-hydroxyphenyl)-lethyl- 4-isopropyl benzene (12.93 g.

Appr oxi mat eVHATMS ChAIMEDDIS:t he hydr oxyl groups on

a-a-a' -tris(4-hydroxyphenyl)-I-ethyl-4-isopropyl benzene have been reacted
wi th DNQ sul.f Amompolitnicdmptisingor m t he sul fonyl ester.), propyl ene glycol
nonoet her acetate (PGVEA) (81.09 g), Proglyde(tm DW (18.68 g),

JV-[ 3- (tri et hoxygiahwidrfopstionatidedacnrablaarydcywtdbutdnerbafél lyger @®ligbfter,
7V-[3-(triethoxysily)propyl]mal eam c acird in PGVEA), and Modafl ow (0. 26 g,
20wt % Modaf | ow ib) aFddéchtiongiildbiastdethprisingacopgiound ef theifetndaysi | yl  propyl

mal eam ¢ acid can be nade by drop-w se addi ng mal ei ¢ anhydri de dissolved in
PGVEA to a (d)ask of 3-am nopr pilltri et hoxysilane with stirring. Exothermc
heat may be rée by /i Bimbath and naintain the reaction tenperature
bel ow 40 C by 017/ &0) yak e of addition of the maleic anhydride.) Thejar
was shaken to form a honogen@®ous sol ution. The solution was filtered
through a 0.45 pmfilter. DNQ sul fonyl ester of

a-a-a' - tri sYeereds axdphaslgnylinking go¥2:4- i sopr opyl benzene The sol ution was
applied to a 4 inch silicon wafer followed by spreading at 500 rpmfor 10
seconds and spi rR &oagsnsgdentlyin sach eneprrencedH 98 H"sO.VldF%@t lrastepmgdsasaked at

85C for 2 r@)?%ﬁée(?‘ﬁ%&ic%’& ac%glggmimg%éﬂjﬂ circul ated oven at 210C for 90

m nutes. The Sane experi nent S repeat on a silicon nitride wafer. The

\(NST']; :L:a\é\?ir gn:ug{‘rﬁ? %‘Z’qi\%%ﬂm%‘g% q%%b%gngg%gﬁlh{e%gpéﬁl {gﬁj‘ls’ tﬁ%é in:)EL;‘rZii | ure was

observeﬁ] on bot P}L_%q’t\)}%t ates. Kic values were 0.51 MPaVmon silicon
substrate and O. aVm on silicon nitride substrate. Cross-hatched tape
feel tests . -0 cooker
o 1210 dha SRosiEharElsRR] Phorah Puton iy, AP BRTHE  a y
(JEDEC 22, ddaipoand Alth2Byrngdae 5B ratings for thin filns on silicon and
silicon nitride. The solution was applied to a 4 inch silicon wafer

foll owed by spreading at 500 rpmfor 10 seconds and spin-coating at 1250
rpmfor 30 seconds. The wafer was baked at 850C for 2 mnutes. Film

t hi ckness a ake 3=162(gin The wafer was exposed with a Karl Suss
exposure to do of ™00 mJ/ cn2. The exposed area was devel oped in
a 2.38%tet /Ryl a i um hydroxi de (TMAH) bath. Devel opnent tinme was 70

seconds. Filmthickness after devel opnent was 2.803 mm filmretentionbeing
88. 6% iBhe wikdreL ivvas nelngldnt linkadp grotp,ci rcul ated oven at 2100C for 90

m nutes. Filmthickness after cure was 2.60 mm (82% fil mretention).
Exanple 6 To a S0 iflleprnbeitly ialastbsccptrat@®H 3r DYWpeividednr keytcbob R &oe

(BCB) - based_prepol yner whi ch consi sted of 39.22 w% of BCB-acrylic acid and
DVS- bi sBCB @&pBhsrad?Y indisntessn rendantiDNQrErep. t o 35, 59. 14 wt % of ~ di (pr opyl ene
gl ycol ) dinethylether (Proglyde(tm DW, 0.82 wt%of |Irganox 565, and 0.82
Wt % of | rgaf os 188s ingependpaibhinicaelupsryrenqeuantesel ¢ionipi3, aad er  of

a-a-al -tris(4-hydroxyphenyl)-lethyl- 4-isopropyl benzene (6.67 g.

Appr oxi mat el y tWbistlirZds of the hydroxyl groups on

a-a-a' -tris(4-hydroxyphenyl Z-I -et hyl - 4-i sopropyl benzene have been reacted

with DNO sul-f Brpgompessionds clagns bend £ ieherain £dsiidependently in gaely poquaisace ycol
pavER) wer SSaRachand P8 o) i el VR oo i3 chrtbntrorie ot
2ppl | e 0 4 B otpoBioRE s PO RFh AR i s d A pr BB Mt or 10
554C Tor 3 n T coRbleio offlebs 2oMEry EDeaR pBSG AN SR OF T v o was
Siposea or o DGR Al MR AR, o o (o
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Devel opnent tinme was 155 seconds. Filmthickness after devel opnent was
5,793 mm filmretention being 89.6% The wafer was cured in an air

ci rcul at egtoQuen4ai3s210C for 90 minutes. Filmthickness attrarsmsnsssgsns 5. 032
mm (77.8% filmretention). WHAT IS CLAIMED I'S: 1. A conposition conprising
a) an acid functionalized, curable arylcyclobutene-based polymer or
oligoner, b) a dissolution inhibitor conprising a conpound of the formula:
where L is #&nThegompgséinn dfickiiing d-Gfusther camprisingategrgamie solvynti n each
occurrence OH or OY provided at |east sone R are OY, where OY indicates a
pendant DI\IQBQH“bmemmSItS)m of déperiteherk yhd wlm&aroamuxnmcﬁdl@ropyietm@yccd} 1to
3, and nis 1l itio f claiml wherein the dissolution

i nhi bi t or fﬂ%ﬁ%@’ﬂeg‘(ﬁhﬁ}q%@gy?@% %16“ h@feﬂfeﬁéw‘?r%tfenul a: where L is an n+1
val ent |inkin rou nde i n.each .occurrence, OH or OY

provi ded atb gﬁ%’fo@g‘?‘% Oirc?ea Rrispealieast %nepaé’i’l‘t%‘r‘??mDNQ group, m

i s i ndependent in ea prre integer of .1 to and is 1 or 2.
3. The csonpg@ #ﬁ%‘f?‘?ﬁos ’|°3| aiméﬂg) %\[f{ﬁe‘i"é‘?p%‘sf_ngaél‘?aﬁb‘@}?&ﬁ’a%‘i‘ﬁ ‘Ina in each

occurrence c val ent bond, or a hydrocarbyl group of 1 to 12
carbon ato he eqmpostion sl Fﬁ‘%ﬁit}ﬁft‘ﬁ%‘?rrﬁoﬁlpﬂﬁ’é'g@? f?af;t qug aﬂ-ﬁes‘a‘lWPmQFeéup of
2 to 4 carb tons. 5,. Th osjtjon of c|al 1-4 where at | east about
40% of R ar d@he ‘é’ml’ﬂ%lo&ﬂ%ﬁlcﬁ’éfg& Bl where dhe antosidiis selsriod Bam +-Hddnr 509 of
Rare O.7.p Q)gtygtng?QSJ $ i@y alif- A6 Bis M1 LRGSR Phitbl a2 gani ©

sol vent . oSi'tion of ‘claim’7 wher€ the s are a mxture of
di (propyl enblS(:,lI,ydmhe)th)dcthﬂt)-l‘ghenekplmsmamtﬁdr)opyI ene glycol nethyl ether

acetate. 9. The conposition of clainms 1-8 further conprising at |east one
ant i oxi ttant 13.1The cimposviopeds ictairor Oelf2 whexiaﬂscmﬁng gidtihe copdymer ofithgetayl | east

one coating The co |t | ai s 1 10 further conprising at
| east one ﬁgﬁf&@rﬁpe&m%}mé efﬁ\(gh@g FLPRIMBACof claim 9-1 1 where the

ant i oxi dant el ect ed. [

bi s(octyl t h %)T‘? cpmapas ‘i°8 ?niaémjll]‘érﬁ“%f the adhgsian promager s sieated figm)N-
phenol, and[ﬁ?tﬁeth&ty&ﬂﬂ/ %ﬁmgymmmemhﬁtéad ard NW?—'QQietHU&?ﬁB}P)pE@}ﬂ}?m&ieonﬂ@ The
conposition of claiml where the coating aid is a copolyner of the

et hyl estera@d. 2-propenoic acid with 2-ethyl hexyl 2-propenoate . 14. The
conposition of claim11-13 where the adhesion pronoter is selected fromN
[3-(triethoxysilyl)propyl]maleamc acid and N-[3-(triethoxysilyl)propyl]
citraconi c acid.
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